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The new study by Diedrichsen [9]
provides a direct test of optimal
feedback control by means of
a simple and elegant experiment.
It shows how task-dependent
changes in bimanual coordination
can be explained within the
framework of optimal feedback
control, while previous theories of
motor control cannot account for
the experimental findings. The next
step is to gain a deeper theoretical
understanding of the adaptive
processes that occur during
learning of novel dynamics.
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Micro(RNA)-Managing Nodal
Nodal signaling plays an essential role during the induction and
patterning of vertebrate embryonic tissue types. In Xenopus and
zebrafish, microRNAs regulate Nodal signaling, but surprisingly by
very different mechanisms.Benjamin L. Martin
and David Kimelman*
The establishment of the
vertebrate body plan is a complex
process requiring the precise
control of induction, patterning
and morphogenesis. The growth
factors that coordinate these
events must be tightly regulated,
ensuring the correct dose of
growth factor at a particular
time and place for proper
embryogenesis to occur. This has
become increasingly evident with
the recent discoveries that
microRNA (miRNA) regulation of
Nodal pathway members is
required for the proper
development of frog and fish
embryos [1,2]. These studies
represent the first examples of
developmental growth factor
regulation by miRNAs.
Formation of the vertebrate body
relies on conserved principles of
development [3]. All vertebrates
create three primary germ layers:the endoderm, the mesoderm
and the ectoderm. The organizer,
which will later become the head,
patterns the germ layers, with
tissues closer to the organizer
adopting a dorsal fate and more
distant tissues a ventral one
(Figure 1A) [4–6]. Fundamental to
the process of germ layer induction
and patterning is the Nodal
signaling pathway, which is
essential for proper endoderm
and mesoderm formation [5–7].
The Nodals are members of
the transforming growth factor-b
family of secreted ligands, which
signal through type I and type II
serine-threonine kinase receptors
(Figure 1B). Proper Nodal signaling
also requires theEGF-CFC family of
co-receptors,which binddirectly to
the type I receptor. Nodals are
antagonized by secreted Lefty
proteins, which can bind directly to
Nodals and the EGF-CFC co-
receptor to block signaling [8].
Despite the conserved role of
Nodal signaling as a major playerin early vertebrate development,
clear differences exist between
species in their specific use of the
Nodal ligands. For example,
Xenopus have five Nodals that
are expressed early during
development [9], two of which
exhibit very early asymmetric
expression across the dorsal-
ventral axis [10], while zebrafish
only have two Nodals expressed
early, one of which has a very
brief asymmetric expression [11].
And while Nodals are clearly
required for endoderm and
mesoderm induction in both
species, their roles in patterning
outside of the organizer may differ
between fish and frogs [5]. It seems
fitting, then, that miRNAs regulate
theNodal pathway in bothXenopus
and zebrafish, but appear to do
so by targeting different members
of the signal transduction
pathway with separate
developmental outcomes.
Recently, miRNAs have emerged
as major players in the control of
gene expression [12]. miRNAs
begin their life as primary RNAs
that are processed by the RNase
III endonucleases Drosha and
Dicer intow22 base noncoding
RNAs, which are complementary
to sequences within the 3’
untranslated region (UTR) of target
mRNAs [13]. When bound to their
targets, miRNAs can promote
mRNA cleavage or deadenylation
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Figure 1. Fate maps and
components of the Nodal
pathway.
(A) Simplified versions of
the Xenopus and zebrafish
late blastula/early gastrula
stage fate maps. Nodal sig-
nals are essential for the
proper formation of endo-
derm (green) and meso-
derm (red). The organizer
(Org) becomes the head
and it patterns nearby tis-
sues, giving them a dorsal
character. (B) Several rele-
vant components of the
Nodal signaling pathway
are shown. Nodal ligands
signal through the type I
and type II receptors and
require an EGF-CFC co-
receptor. The Lefty antago-
nists bind directly to the
Nodal ligands and EGF-
CFC co-receptors to block
signaling.and thereby inhibit formation of
the final protein product. Genes
encoding miRNAs are very
abundant, comprising an
estimated 1–3% of animal
genomes [14]. And because a
limited amount of complementarity
between miRNA and target mRNA
is required for efficient function, an
even greater number of potential
targets have been predicted [14].
Despite the predictions, only
a handful of real in vivo targets have
been identified [14], making the
recent findings of Nodal pathway
regulation by miRNAs of significant
interest to both the miRNA and
developmental biology fields.
Schier and colleagues [1]
examined the function of the
abundant early miRNA, miR-430,
during zebrafish development.
Computational analysis identified
the nodal ligand squint and the
lefty class of Nodal inhibitors
lefty1 and lefty2 as putative
targets of miR-430. The authors
used antisense morpholino
oligonucleotides, commonly used
in zebrafish and Xenopus to block
RNA translation and splicing, as
a novel means of ’protecting’ the
target sites from miR-430 in the
squint and lefty 3’ UTRs. These
’target protector’ morpholinos arespecific for miRNA target sites of
a particular mRNA because they
are designed to bind to sequences
unique to that gene’s 3’ UTR.
The effects of protecting squint,
lefty, or both from miR-430 were
analyzed by injecting target
protector morpholinos. Injection
of squint-target protector
morpholinos against miR-430
caused an increase in squintmRNA
levels and the subsequent
expansion of the organizer
and amount of endoderm,
characteristic of an increase in
Nodal signaling. On the other hand,
injection of lefty2-target protector
morpholinos against miR-430
resulted in the opposite phenotype
due to an increase in lefty2 mRNA
levels. Injection of both
morpholinos resulted in a normal
organizer, but the amount of
endoderm was reduced.
Importantly, MZdicer mutants,
which lack both maternal and
zygotic Dicer function and
therefore have no functional
miRNAs [15], exhibit the same
phenotype of a normal organizer
and reduced endoderm. This key
result indicates that miR-430
normally functions to dampen
both squint and lefty2 expression
to achieve an appropriate balancebetween ligand and antagonist
to regulate endoderm formation,
but not the specification of the
organizer.
In contrast, Piccolo and
colleagues [2] examined the
regulation of Nodal signaling by
miRNAs in the frog Xenopus laevis.
Unlike the Schier group [1], which
started with a miRNA and
computationally searched for
targets, the Piccolo group started
with the Nodal signaling pathway
and looked for miRNAs that might
target specific components
of the pathway. Beginning with
an unbiased screen that
demonstrated miRNA regulation of
the Nodal pathway, they used
computational methods to identify
potential miRNA target sites in
pathway members. This analysis
identified the type II receptor as
a good candidate for miRNA
regulation as it contains putative
binding sites for miR-15 and
miR-16, both members of the
miR-15 family, which are
evolutionarily conserved from
amphibians to humans.
Inhibition of miR-15 and miR-16
with 2’-O-methyl antisense
inhibitory oligonucleotides caused
an increase in organizer size,
indicative of increased Nodal
signaling, while possible effects
on endoderm were not examined.
This phenotype was rescued by
co-injecting a Nodal inhibitor,
indicating that the effects seen
from miR-15 and miR-16 inhibition
are not due to effects on targets
outside of the Nodal pathway.
Interestingly, miR-15 and miR-16
are asymmetrically localized
during early Xenopus
development, being more
abundant on the ventral side,
resulting in decreased type II
receptor ventrally compared to
dorsally. This differential
expression of the receptor may
act to reinforce the gradient of
Nodal signaling produced by the
asymmetric expression of Nodal
ligands (high dorsally, low
ventrally), enhancing organizer
formation. The authors show that
Wnt/b-catenin signaling, which
establishes the site of the organizer
[5], inhibits the formation of
mature miR-15 and miR-16, but
has little effect on the unprocessed
miR-15 and miR-16 transcripts.
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Wnt/b-catenin pathway directly
regulates miR-15 and miR-16
processing as the asymmetric
expression of miR-15 and miR-16
is seen before the major onset of
zygotic transcription at the
mid-blastula transition. However,
two Xenopus Nodals are
transcribed prior to the
mid-blastula transition in response
to the Wnt/b-catenin pathway, and
an inhibitor of miRNA processing
could be similarly transcriptionally
regulated [10].
While mechanistically very
different, the regulation of Nodal
signaling by miRNAs in Xenopus
and zebrafish may represent
a common theme in the
evolutionary function of miRNAs
during development. Previous
evidence suggests that miRNAs
might titrate expression thresholds
of important regulatory proteins
[16–18]. Potent morphogens,
which can elicit drastically different
cellular responses at precise doses
[19], seem particularly amenable
to miRNA regulation. In this way,
combinations of different miRNAs
regulating different target mRNAs
could effectively modulate
signaling pathways to suit specific
developmental needs. Bartel and
Chen [20] have hypothesized that
novel miRNA–mRNA interactions
may arise relatively frequently
during evolution. It is unclear
whether nodal and leftymRNAs are
regulated by miR-430 in Xenopus
as they are in zebrafish, but miR-15
and miR-16 binding sites found inAdaptive Behavior
Bayesian Learners
Subjects adapt to environmental cha
perceived frequency of the changes —
similar to an ideal Bayesian learner. T
with the fMRI BOLD signal in the ante
Angela J. Yu
Animals constantly have to adapt
their behavioral strategies in
response to changing
opportunities and threats in the
world: growth or shrinkage in foodthe Xenopus type II receptor are
not found in the zebrafish receptor
[2], which agrees with the lack of
organizer defects in zebrafish
MZdicer mutants [15]. These
differences indicate that miRNAs
may have an important role in
generating plasticity in signaling
pathways to promote evolutionary
change.
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DOI: 10.1016/j.cub.2007.10.002experiments with functional
magnetic imaging (fMRI) [1] has
shown that human subjects can
accurately track changing reward
contingencies based on noisy
inputs. Critical for this behavior is
the ability to estimate the frequency
of change, or environmental
volatility, and the new work
indicates that this ability involves
the anterior cingulate cortex (ACC).
In the behavioral task used by
Behrens et al. [1], a reward
appeared randomly in one of two
possible targets, with bias toward
one, for example, 80% in target 1
and 20% in target 2; the bias
